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Abstract A swinging harmonic error occurs between the measured distance of the indirect time-of-flight (ITOF) camera
and the real distance due to the nonideal factors of the optical waveform of the laser transmitter and the tap response of the
imaging sensor. The harmonic error can interfere with the accuracy of distance measurement. This paper analyzes the
causes of harmonic error in ITOF cameras and clarifies the relationship between the harmonic error period, ranging period,
and number of pixel taps. Based on triangular series fitting, this work proposes a method to correct such harmonic errors in
a short calibration range and a large calibration step, which improves the calibration efficiency. The effectiveness of the
proposed method is verified through 66. 67 MHz 3-tap ITOF camera ranging experiments. The experimental results show
that the average distance measurement accuracy of the principal point pixel is 2. 5787 mm, while the average plane fitting
error in the plane distance measurement is 4.3876 mm. Thus, the findings emphasize that the proposed method can
effectively reduce the harmonic errors in distance measurements using ITOF cameras.

Key words remote sensing and sensor; indirect time-of-flight camera; depth calibration; harmonic error
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Table 1 Distance period, root mean square error (RMSE) of calibration data and validation data for different highest fitting order

Parameter K=1 K=2 K=3 K=4
Distance period /mm 750 375 250 187.5
. . 0. 0228 rad 0. 0067 rad 0. 003 rad 0 rad
RMSE of the calibration data
8. 1553 mm 2. 3852 mm 1. 0865 mm 0 mm
o 0. 0276 rad 0.0101 rad 000072 rad 0. 0323 rad
RMSE of validation data
9. 8707 mm 3. 6298 mm 2.5787 mm 11.5566 mm
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Fig. 6 Point cloud and fitted plane of 1500 mm, 1700 mm, and 2000 mm planes. (a) (c) (e) Before harmonic error correction;
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Table 2 RMSE of plane fitting of point cloud data from 1400 mm to 2000 mm plane before and after harmonic error correction

Plane distance/mm

RMSE before harmonic error correction /mm

RMSE after harmonic error correction /mm

1400 29.1314 3.4825
1500 22.1574 3.7269
1600 16. 5045 4.2277
1700 33.3275 4.3753
1800 34. 8804 4.5408
1900 21.2909 5.0163
2000 29. 6467 5.3434
Average 26.7055 4.3876
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